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THEORETICAL STUDY OF TURBULENT SALINE DIFFUSION 
IN A CONDUIT IN CONTINUOUS  SERVICE^ 

Roger Li'evre 

ABSTRACT 

The d i s t r i b u t i o n  of concentration i n  a point-type i n j e c t i o n  
i s  obtained by solving t h e  d i f fus ion  equation, a f t e r  which t h e  
e f f ec t  of hypothet ical  ca lcu la t ions  on t h e  so lu t ions  a r r ived  
a t  i s  examined. 

I n  a previous paper, we achieved so lu t ions  of t h e  d i f fus ion  equa- 
t i on .  
concentration on t h e  absc issa  f w i l l  be given by t h e  equation 

Supposing now t h a t  c (z ,  8 ,  0) i s  t h e  concentration a t  f = 0, t h e  

t h e  coe f f i c i en t s  b 

methods appl icable  t o  orthogonal funct ions.  

and c 
mP mP 

being calculated according t o  the  c l a s s i c a l  

It i s  possible ,  f o r  example, t o  s tar t  with t h e  i n j e c t i o n  sec t ion  
and t o  consider t h e  br ine  j e t  t o  be t h e  equivalent  of a semi-point 
discharge.  

It should be noted t h a t  t he  discharge o f  sa l t  i s  usua l ly  accom- 

This procedure 
plished. by a j e t  t h a t  causes a d i f f e r e n t  tu rbulen t  d i f fus ion  from t h a t  
e x i s t i n g  i n  a conduit, and a higher one i n  any case.  
underestimates,  then, mixture by d i f fus ion .  

We s h a l l  ca l cu la t e  i n  t h i s  way t h e  concentrat ion r e s u l t i n g  from a 

The following a r e  the  f i r s t  usefu l  terms of t he  development f o r  

po in t  discharge a t  t h e  coordinates z = z and 8 = 0. 
0 

numerical values of k = 0.4 and n = 21 i n  order  of  increasing damping: 

'Presented a t  t h e  meeting, 11 March 1957. 



o r  i n  our  case 

The coe f f i c i en t s  of t h e  development of f i n i t e  f f o r  z = 0 

e s t a b l i s h  t h e  recurrence equation 

[ n ( n +  a)-u]u,-i-cr.un-, 
( n  -t: I )  ( n  + a )  a,,+( = 

Generally speaking, t h e  s e r i e s  (16) does not  converge f o r  z = 1, 
except f o r  t h e  c h a r a c t e r i s t i c  values of 0.  
can be obtained by t h e  use of t h e  cont inui ty  equation: 

These c h a r a c t e r i s t i c  values 

To e s t a b l i s h  t h i s  property,  we mult iply t h e  terns of (15) by z and /3 
i n t e g r a t e  from 0 t o  1 a s  follows: 

f is f i n i t e  a t  point  z = 0, b u t  it has genera l ly  a logari thmic 
poin t  a t  z = 1, t h e  de r iva t ive  f ’  being, therefore ,  of t h e  form a / ( l - z ) ,  
and t h e  term between parentheses not being zero. For t h e  c h a r a c t e r i s t i c  
values of cr, f remains f i n i t e ,  t h e  term between parentheses i s  zero, and 
equation (18) i s  s a t i s f a c t o r i l y  es tab l i shed .  
term, of f according t o  (18) gives  the  s e r i e s  

The in tegra t ion ,  term by 



The convergence i s  gradual.  We have calculated the  f i rs t  root ,  
The corresponding value of s i s  5 = 4.166, t o  1-7 places,  f o r  p = 6. 

3.1245 instead of s = 3 i n  t h e  case of a uniform d i s t r i b u t i o n  of 
v e l o c i t i e s .  

Thus t h e  assumption t h a t  t he re  i s  a uniform d i s t r i b u t i o n  of ve loc i -  
t i e s  l eads  t o  an acceptable approximation. 

Translated f o r  t h e  National Aeronautics and Space Administration by 
John F. Holman and Co. Inc .  


